INTRODUCTION
Negative pressure wound therapy (NPWT) was introduced as a vacuum-assisted closure (VAC) by Morykwas et al. [1, 2] in the late 1990's, and is currently used for wound management in various fields, such as, to manage soft tissue defects, fixate grafted skin, and to treat burn wounds. Whereas the application of NPWT to surgical abdominal wounds was initiated as a form of damage control surgery in trauma patients or for temporary wound closure prior to a second look operation in the 2000s [3, 4] . Recently, NPWT has applied in patients who were diagnosed with abdominal compartment syndrome as an essential procedure of decompressive laparotomy [5, 6] . The majority of previous studies on the topic have focused on effective closure of opened abdominal wounds using NPWT, and relatively few reports have been issued on the use of NPWT to treat postoperative wound complications. Here, we
METHODS
The electronic records of 55 patients whose wounds were managed by NPWT from November 2009 to May 2012 were analyzed retrospectively. NPWT was used; 1) to treat postoperative wound complications, 2) to prevent intraabdominal wound infection during operation, and 3) for temporary wound closure after laparotomy. Among these cases, 50 patients with postoperative wound complication were enrolled in this study. When wound dressing was needed more than three times a day, because of a large amount of discharge from the dehisced wound or wound infection was identified, NPWT was applied. Wound complications were classified as superficial, deep or complex as per wound depth. Superficial wound complications were defined as invasion of the skin or subcutaneous fat layer, deep wounds were defined as those resulting in bowel or omentum exposure due to a fascia defect, and a complex wound complication was defined as an wound associated with an intra-abdominal infection. Times and durations of postoperative NPWT and whether wounds were repaired fully were noted. The negative pressure applied was a continuous 125 mmHg. Amounts and characteristics of drained fluids were also noted. When the fluid extracted changed to serous and its volume decreased, the wound bed was confirmed and NPWT was stopped. In patients with successful wound healing, we evaluated whether the wound had been repaired by sutures or healed due to granulation tissue formation or due to a prosthesis. Complications associated with NPWT were also studied.
NPWT was obtained by applying a CuraVAC system (CuraVAC, Daewoong Bio, Seoul, Korea) (Fig. 1) . The vacuum system was exchanged two or three times weekly. Additional exchange was performed depending on wound status. When the bowel was exposed by a deep or complex wound due to a fascia defect, an aseptic isolation plastic bag or vinyl film was applied under the vacuum system to protect the small bowel. All analyses were performed using IBM SPSS ver. 20.0 (IBM Co., Armonk, NY, USA). Continuous variables were analyzed using the Student t-test, and results are expressed as means ± standard deviations and median (range). Categorical variables were analyzed using Fisher exact test.
RESULTS
The mean age of the 50 patients was 61.5 ± 16.2 years and 27 (54%) were men. Eight patients had diabetes mellitus (DM) and 4 (8%) were managed for inflammatory bowel disease. Emergency surgery was performed in 30 patients (60%). NPWT was performed, on average, 12.9 ± 8.2 days after surgery and 
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Ji Young Jang, et al: NPWT in dehisced abdominal wound applied for a median of 17.9 days (2 to 96). Median hospital stay was 42 days (11 to 210 days) ( Table 1 ). Regarding diagnoses, 24 patients (48%) had an intra-abdominal infection containing panperitonitis and 10 had anastomotic leakage or intestinal obstruction or strangulation. Cancer and hemoperitoneum were diagnosed in 7 (14%) and 3 (6%) respectively (Table 2) . Wounds were superficial in 25 patients (50%), deep in 11 (22%) and complex in 14 (28%). Wounds were repaired in 39 patients (78%); 29 patients by skin suturing, 9 by granulation tissue formation, and in one by prosthesis application. In 11 patients (22%), wound closure failed, because 10 patients succumbed to general deterioration and one patient with radiation enteritis was managed in an outpatient clinic.
Peritoneal bacterial culture was positive in 36 patients (72%). Enterococcus species was identified in 17 patients (47.2%), which was most commonly a gram positive bacterium, and Staphylococcus aureus and coagulase-negative Staphylococcus were found in 6 (16.7%) and 2 patients (5.6%), respectively. Regarding gram-negative bacteria, Escherichia coli was found in 9 patients (25%), Pseudomonas aeruginosa in 4 (11.1%), Enterococcus species in 4 (11.1%), Acinetobacter baumannii in 4 (11.1%) and Citrobacter species in 3 (8.3%). An anaerobic bacterium was found in one patient (2.8%) and identified as Bacteroides species (Table 3) .
When we compared patients that achieved wound closure and patients that did not, no significant difference was found with respect to age, DM, emergency operation, diagnosis or infection. Deep and complex wound accounted for 90.9% of cases in the successful closure group, and 38.5% in the unsuccessful group (P = 0.005) ( Table 4) . No severe complication, such as bowel perforation or an enterocutaneous fistula was encountered, but in 2 patients NPWT was administered for a protracted time (>4 weeks).
DISCUSSION
Infection is the most common cause of abdominal wound dehiscence. When wound dehiscence is identified, surgeons select mainly gauze dressing and change dressing many times a day in cases of intact fascia. If there is a large fascia defect and evisceration of the bowel, operation is usually performed to repair the fascia. In cases where abdominal distension is too severe to close the wound, temporary abdominal closure options include the Wittmann Patch, Bogota bag and NPWT [7, 8] . Definitive reconstruction has been presented with mesh, biologic mesh, components separation, and rectus abdominis sheath turnover flap method, and so on [9, 10] .
The application of negative pressure to a wound increases dermal perfusion and stimulates the formation of granulation tissue, and thus, accelerates wound healing and decreases bacterial colonization because it reduces tissue edema and interstitial tissue fluid [2, 11] . In addition, the reverse tissue expansion effect of negative pressure helps to approximate skin and fascia. The efficacy of NPWT has already been proven, and currently, it is used to treat trauma-induced soft tissue Values are presented as number (%). Mesenteric ischemia 3 (6) Hemoperitoneum 1 (2) Values are presented as number (%).
defects, necrotizing fasciitis, suppurative and extravasation injuries and burn wounds, and to promote skin graft fixation [12, 13] . Recently, NPWT has been applied in the abdominal surgery field for temporary closure in cases of trauma and bowel strangulation, and to manage abdominal compartment syndrome when the abdomen is open [14, 15] . Batacchi et al. [6] , in a prospective study, found that the time to wound closure and intensive care unit stay in a NPWT group were shorter than in a Bogota bag group, and in another study, fasciato-fascia closure was successfully achieved by applying an abdominal topical negative pressure in a patient with an intraabdominal infection [16] . The majority of our 50 patients had profuse fluid drainage through the main wound caused by postoperative seroma or a partial fascial defect. In 25 of our patients, the wound was superficial, and wounds were closed in 24 of these patients (96%) ( Table 4) . Most patients with a superficial wound had no gross fascia defect but a large amount of discharge. This suggests that NPWT is effective in cases of intra-abdominal infection, if the strength of the fascia is maintained. Generally, a wet gauze dressing is applied after removing staples or sutures in cases of postoperative seroma or wound dehiscence, and these are applied many times a day until the wound bed is washed-up. On the other hand, NPWT is more convenient for dressing and preventing infections because the wound dressing only needs replacement 2 to 3 times per week. On the other hand, in 11 patients whose wounds failed to close, 10 patients died due to deterioration in general condition or sepsis, which implies that infection and the recovery of general condition are important. In the present study, the results of peritoneal bacterial cultures were positive in 36 patients (72%), and as previously reported, when intra-abdominal infection is identified, source control and the appropriate use of antibiotics are essential [17] . Recently, various reports have described the effective management of abdominal wounds with intra-abdominal infection by NPWT, and have attributed this success to infection control and wound closure [4, 16] . In the present study, the unsuccessful closure group had a significantly greater proportion of deep and complex wounds than the successful closure group (P = 0.005). Profuse fluid drainage through fascia defects probably makes wound closure difficult and this is undoubtedly exacerbated by abdominal sepsis caused by intra-abdominal infection caused by anastomotic leakage or bowel perforation. This suggests that inappropriate control of the infection source has a negative impact on not only wound healing but also prognosis. Furthermore, the timing of NPWT application in the successful closure group was 11.3 ± 6.9 days, whereas in the unsuccessful closure group it was significantly greater at 18.9 ± 9.7 days. Thus, although the unsuccessful closure group had a greater proportion of deep and complex wounds (10, 90.9%), the later NPWT start in the unsuccessful closure group shows that intra-abdominal infections were difficult to treat because of inadequate source control. Baharestani and Gabriel [18] reported that NPWT resulted in successful wound closure in 86% of patients in whom mesh had failed to repair the abdominal wall, and that one of the important factors of successful healing was early application. In fact, if the identification of seroma or dehiscence is delayed in patients with an intact fascia or focal defect, infected fluid collection in dead space above the fascia and pocket formation caused by Values are presented as mean ± standard deviation or number (%). Fisher exact test.
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Ji Young Jang, et al: NPWT in dehisced abdominal wound the abrading effect of suture material worsens infection [19] . This study has some limitations that should be considered. First, it was difficult to determine the significance of differences because of the small cohort. Second, it is not a comparative study with patients in whom NPWT was not used. Third, it was difficult to evaluate the effects of NPWT in patients with wound dehiscence due to the heterogeneity shown by patients concerned and the retrospective nature of this study.
In conclusion, abdominal wound complications, such as large seroma or infections can be managed with NPWT. There was no harm or risk of bowel perforation or enterocutaneous fistula. However, a prospective comparative study is required to confirm the usefulness of NPWT in patients whose wounds are dehisced.
